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(54) Catalyst and process for hydrogenating olef inically unsaturated compound 

(57) A hydrogenation catalyst comprising (A) a tran- 
sition metal compound in which a group having a hete- 
rocyclic skeleton is bonded to Ti. Zr or Hf through an 
oxygen atom or a nitrogen atom, a representative of 
which compound is bis(cyclopentadienyl)titanium 
bis(tetrahydrofurfuryloxy) and (B) an organic com- 
pound, halide or hydride of a metal of Groups I to 111 of 
the Periodic Table or comprising the constituent (A), the 
constituent (B) and (C) a polar, organic compound such 
as an alcohol, a carboxyfic acid or the like. An ofefini- 
cally unsaturated compound can be hydrogenated with 
a high efficiency by contacting the compound with 
hydrogen in the presence of the above catalyst in an 
inert, organic solvent. The above catalyst has a very 
high catalytic activity, is excellent in hydrogenation 
selectivity and thermal resistance, also excellent in stor- 
age stability and maintainability of catalytic activity and 
is hardly affected by the co-existing impurities. 
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Description 
BACKGROUND OF THE INVENTION 
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composed of a bis(cyclopentadienyl)titanium dialkyl and an organolithium compound; a system composed of 
bis(cyciopentadienyl)titanium diphenyl and an organolithium compound; a system composed of bis(cyclopentadi- 
enyl)titanium dibenzyl and an organometallic compound whose metal is of Groups I to III of the Periodic Table; a system 
composed of a bis(cyclopentadienyl)titanium di(alkoxyphenyl) or bis(cyclopentadienyl)titanium bis(diphenyiphosphi- 

5 nomethylene) and an organolithium compound, organomagnesium compound or organoaluininm compound; and the 
like. However, these hydrogenation catalysts cannot satisfy sufficiently the above-mentioned desire. 
[001 0] Furthermore, U.S.R 4,501 ,857 proposes a system composed of a bis(cyclopentadienyl)titanium dialkoxy or a 
bis(cyc!opentadienyl)titanium diaryloxy and an organolithium compound, too. However, with these catalysts, the 
number of carbon atoms of the alkoxy group or aryloxy group bonded to the titanium atom is limited to 8 or less, and in 

10 particular, a development has been desired of a novel homogeneous system hydrogenation catalyst having a further 
improved catalytic activity. 

[0011] Moreover, U.S.R 5,270,274; JP-A-6-220,122; JP-A-6-220,123 and the like propose hydrogenation catalysts 
comprising substantially an aluminum component. However, aluminum-free catalyst systems have been desired in 
industry. Incidentally, U.S.R 4,980,421 also describes examples in which a catalyst system containing no aluminum 

is component [a system composed of a steric hindrance phenoxylithium compound and bis(cyclopentadienyl)titanium 
dichloride] is used, but in the case of this catalyst system, as shown in Comparative Example 6 described hereinafter, 
the catalytic activity cannot be said to be always sufficient. In addition, the catalyst tends to be deactivated at a high 
temperature not lower than 90°C and hence has an industrial problem. Therefore, a development has been also desired 
of a hydrogenation catalyst which is free of aluminum but has a high catalytic activity and is not deactivated even under 

20 such high temperature conditions. 

SUMMARY OF THE INVENTION 

[001 2] This invention has been made against the background of the above-mentioned technical problems of prior art. 
25 [001 3] An object of this invention is to provide a novel hydrogenation catalyst which has a very high catalytic activity, 
is excellent in hydrogenation selectivity and thermal resistance, also excellent in storage stability and maintainability of 
catalytic activity, and is hardly affected by the co-existing impurities. 

[001 4] Another object of this invention is to provide a process for hydrogenating an olef inically unsaturated compound 
with the above hydrogenation catalyst. 
30 [001 5] Other objects and advantages of this invention will become apparent from the following description. 

[001 6] According to this invention, there is firstly provided a catalyst for hydrogenating an olef inically unsaturated com- 
pound, which catalyst comprises the following constituent (A) (the above catalyst is referred to hereinafter as the first 
invention): 

35 Constituent (A): At least one member selected from the group consisting of compounds represented by the follow- 
ing general formulas (1) and (2): 



wherein M 1 represents a titanium atom, a zirconium atom or a hafnium atom; each of X 1 and X 2 represents inde- 
pendently a monovalent hydrocarbon group having 5 to 20 carbon atoms and having a cyclopendadiene skeleton 
and is bonded to M 1 in its cycloperrtadiene skelton portion; Y 1 represents a halogen atom or a monovalent organic 
group having 3 to 20 carbon atoms and having a heterocyclic skeleton which group is bonded to M 1 through an oxy- 
gen atom or a nitrogen atom thereof; and Y 2 represents a monovalent organic group having 3 to 20 carbon atoms 
and having a heterocyclic skeleton which group is bonded to M 1 through an oxygen atom or a nitrogen atom 
thereof. 
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wherein M 4 represents a titanium atom, a zirconium atom or a hafnium atom; each of X 7 and X 8 represents independ- 
ently a divalent hydrocarbon group having 5 to 20 carbon atoms and having a cyclopentadiene skeleton and is bonded 
to M 4 in its cyclopentadiene skelton portion; Z 3 represents a divalent hydrocarbon group having 1 to 3 carbon atoms, a 
(poly)silylene group having 1 to 3 silicon atoms or a (poly)siloxanylene group having 1 to 3 silicon atoms; and each of 
5 A 3 and A 4 represents independently a chorine atom, a bromine atom or an iodine atom. 

[0017] According to this invention, there is fourthly provided a catalyst for hydrogenating an olefinically unsaturated 
compound, which catalyst comprises the above constituent (A') and the above constituent (B) (the above catalyst is 
referred to hereinafter as the fourth invention). 

[001 8] According to this invention, there is fifthly provided a catalyst for hydrogenating an olefinically unsaturated corn- 
to pound, which catalyst comprises the above constituent (A) and/or the above constituent (A 1 ); the above constituent (B); 
and (C) at least one member selected from the group consisting of alcohol compounds, carboxylic acid compounds, 
chain ester compounds, lactone compounds, ether compounds, thioether compounds, ketone compounds, aldehyde 
compounds, sulfoxide compounds, amine compounds, amide compounds, nitrile compounds, epoxy compounds and 
oxime compounds (the above catalyst is referred to hereinafter as the fifth invention). 
is [0019] According to this invention, there is sixthly provided a process for hydrogenating an olefinically unsaturated 
compound, which process comprises contacting an olefinically unsaturated monomer with hydrogen in the presence of 
the hydrogenation catalyst of the first, second, third, fourth or fifth invention in an inert, organic solvent (the above proc- 
ess is referred to hereinafter as the sixth invention). 

20 DETAILED DESCRIPTION OF THE INVENTION 

Hydrogenation catalyst 

- Constituent (A) - 

25 

[0020] The constituent (A) in the first, second and fifth inventions is composed of at least one member selected from 
the group consisting of the compounds represented by the above general formula (1) [referred to hereinafter as the tran- 
sition metal compound (1)] and the compounds represented by the above general formula (2) [referred to hereinafter as 
the transition metal compound (2)]. 
30 [0021] In the general formulas (1) and (2), the monovalent or divalent hydrocarbon groups X 1 to X 4 each having a 
cyclopentadiene skeleton and having 5 to 20 carbon atoms are bonded to the transition metal M 1 or M 2 in their 
cyclopentadiene skeleton portions, provided that the position in which X 3 and X 4 are bonded to Z 1 in the general for- 
mula (2) is not critical. 

[0022] In the general formula (1), M 1 is titanium atom, zirconium atom or hafnium atom, and titanium atom is prefer- 
35 able. 

[0023] Moreover, as the monovalent hydrocarbon groups having 5 to 20 carbon atoms and having a cyclopendadiene 
skeleton which are X 1 and X 2 , there can be mentioned monovalent groups resulting from, for example, cyclopentadi- 
ene, n-butylcyclopentadiene, 2-ethylhexylcyclopentadiene, tetramethylcyclopentadiene, indene, 4,5-dihydroindene, 
6,7-dihydroindene, 4,5,6,7-tetrahydroindene and the like, and among them, preferable are cyctopentadienyl group, 
40 tetramethylcyclopentadienyl group, 4,5,6,7-tetrahydro-l -indenyl group and 1 -indenyl group. 

[0024] Furthermore, the group having a heterocyclic skeleton in the definitions of Y 1 and Y 2 may be monocyclic or 
polycydic. The polycyclic ring may be condensed or non-condensed. This heterocyclic skeleton is preferably of a 5- 
m ember ed or 6-membered ring. 

[0025] The hetero atom which is a constituent of the heterocyclic skeleton in the definitions of Y 1 and Y 2 is preferably 
45 oxygen atom or nitrogen atom, and at least one hetero atom or at least one kind of hetero atom can be present in the 
heterocyclic skeleton. 

[0026] When the group having a heterocyclic skeleton in the definitions of Y 1 and Y 2 is bonded to M 1 through a nitro- 
gen atom thereof, the nitrogen atom per se is preferably a constituent of the heterocyclic skeleton. 
[0027] The transition metal compound (1) is basically one which can be synthesized via any one of the reactions rep- 

so resented by the reaction formulas (16-1) to (1 6-3) between a heterocyclic compound (a) and lithium hydride or an orga- 
nolithium compound in the constituent (A') described hereinafter, and as the monovalent organic group having 3 to 20 
carbon atoms and having a heterocyclic skeleton which group is bonded to M 1 through an oxygen atom or a nitrogen 
atom thereof in the def initions of Y 1 and Y 2 in the general formula (1), there can be mentioned organic groups resulting 
from the heterocyclic compounds (a); however, preferable are groups represented by the following formulas (6-1) to (6- 

55 10) and the like: 
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15), the formula (7-16) and the like. 

[0031] In the general formula (2), M 2 is titanium atom, zirconium atom or hafnium atom; however, titanium atom is 
preferable. 

[0032] Moreover, as the divalent hydrocarbon groups having 5 to 20 carbon atoms and having a cyclopentadiene skel- 
5 eton which groups are X 3 and X 4 , there can be mentioned, for example, divalent groups resulting from cyclopentadiene, 
tetramethylcyclopentadiene, indene, 4,5-dihydroindene, 6,7-dihydroindene, 4,5,6, 7-tetrahydroindene and the like; etc, 
and among them, r| 5 -2 ( 4-cyclopentadien-1-ylidene group, 4,5,6, 7-tetrahydroinden-1-ylidene group and inden-1-ylidene 
group are preferable. 

[0033] Moreover, as the divalent hydrocarbon group having 1 to 3 carbon atoms, the (poly)silylene group having 1 to 
10 3 silicon atoms or the (poly)siloxanylene group having 1 to 3 silicon atoms which is Z\ there can be mentioned, for 
example, methylene group, ethylene group, 1 ,2-propylene group, 1 ,3-propylene group, -CH=CH-, -CH=C(GH 3 )-, -C=C- 
, silylene group, dimethysilylene group, tetramethyldisilylene group, hexamethyltrisilylene group, -SiH 2 0-, -Si(CH 3 ) 2 CK 
-Si(CH 3 ) 2 OSi(CH 3 ) 2 0, -Si(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 0- and the like. Among them, ethylene group and dimethylsi- 
lylene group are preferable. 

is [0034] Furthermore, the group having a heterocyclic skeleton in the definitions of Y 3 and Y 4 may be monocyclic or 
polycyclic, and the polycyclic ring may be condensed or non-condensed. This heterocyclic skeleton is preferable of 5- 
membered or 6-membered ring. 

[0035] As the hetero atom which is a constituent of the heterocyclic skeleton in the definitions of Y 3 and Y 4 , oxygen 
atom and nitrogen atom are preferable, and at least one of these hetero atoms or at least one kind of these hetero 

20 atoms can be present in the heterocyclic skeleton in the definitions of Y 3 and Y 4 . 

[0036] When the group having a heterocyclic skeleton is bonded to M 2 through a nitrogen atom thereof in the defini- 
tions of Y 3 and Y 4 , the nitrogen atom per se is preferably a constituent of the heterocyclic skeleton. 
[0037] The transition metal compound (2) is basically one which can be synthesized via one of the reactions repre- 
sented by the reaction formulas (16-1) to (16-3) between the heterocyclic compound (a) and lithium hydride or an orga- 

25 nolithium compound in the constituent (A') described hereinafter, and as the monovalent organic group having 3 to 20 
carbon atoms and having a heterocyclic skeleton which group is bonded to M 2 through a nitrogen atom thereof in the 
definitions of Y 3 and Y 4 in the general formula (2), there can be mentioned organic groups resulting from the above het- 
erocyclic compounds (a), and the groups represented by the above formulas (6-1) to (6-10) and the like are particularly 
preferable. 

30 [0038] In addition, as examples of the halogen atom in the definition of Y 3 , there can be mentioned chlorine atom, 
bromine atom, iodine atom and the like, and chlorine atom is particularly preferable. 

[0039] As preferable examples of the transition metal compound (2), there can be mentioned titanium compounds 
represented by the following formulas (11-1) to (15-3) and the like and compounds formed by substituting zirconium 
atom or hafnium atom for the titanium atom of the above titanium compounds. In the following formulas, fa-CP-YD] 
35 means Ti 5 -2,4-cyclopentadien-1-ylidene group, [t-hy-1 -ID] means C4, 5,6, 7-tetrahydro-1-indenyl group. [1-ID] means 1- 
indenyl group, [t-hy-1 -ID] means C4,5,6,7-tetrahydro-1-indenyl group and [1-ID] means 1-indenyl group (the same 
applies hereinafter). 
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[0040] Among these transition metal compounds (2), particularly preferable are the formula (11-1), the formula (1 1 - 
2), the formula (1 1 -3), the formula (1 1 -4), the formula (1 1 -5), the formula (1 1 -6), the formula (1 1 -7), the formula (1 1 -8), 
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wherein R represents a hydrogen atom or a monovalent organic group. RT represents a monovalent organic group and 
r" r^nrpqpnts a hvdroqen atom or a monovalent organic group. . ahlfl 

SSS X^S^SS^ out by contacting the responding starting materials with one another in an 
stiSn derivatives formed by substitution for the secondary am.ne are excluded). 



R 

so [0043] 



35 



45 



SO 



55 



(tt-1-1) 



yttSl^oiriuryl ateohol. 4.5-dimethy.tetrahydrofurfuryl alcohol and the hke. 



(a-1-2) 



like. 
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(a-1-3) 

[0050] 1 -Substituted pyrrol idinols and their ring-substituted derivatives such as 1-methyl-2-pyrrolidinol, 1 ,3<Jimethyl- 
2-pyrrolidinol, 1,4-dimethyl-2-pyrrolidinol, 1,5<iimethy!-2-pyrrolidinol, 1-ethyl-2-pyrrolidinol, 1-methyl-3-pyrrolidinol, 1,2- 
5 dimethyl-3-pyrrolidinol, 1 ,4-dimethyl-3-pyrrolidinol, 1 ,5-dimethyl -3-pyrrolidinol, 1 -ethyl -3-pyrrolidinol, 1 -n-propyl-3-pyrro- 
lidinol, 1-i-propyl-3-pyrrolidinol, 1-n-butyl -3-pyrrolidinol, 1-i -butyl -3-pyrrolidinol, 1-sec-butyl-3-pyrrolidinol, 1-t-butyl-3- 
pyrrolidinol, 1-cyclopenty I -3-pyrrolidinol, 1-cyclohexyl-3-pyrrolidinol, 1 -benzyl -3-pyrrolidinol, 1-phenyl-3-pyrrolidinol, 1- 
methyloxycarbonyl-3-pyrrolidinol, 1 - ethyl oxycarbonyl -3-pyrrolidinol, 1 -benzyloxycarbonyl-3-pyrrolidinol, 1 -(4'-pyridyl)-3- 
pyrrolidinol and the like. 

10 

(a-1-4) 

[0051] 1 -Substituted pyrrolidinealkanols and their ring-substituted derivatives such as 1-methyl-2-pyrrolidinemetha- 
nol, 1 ,3-dimethyl-3-pyrrolidinemethanol, 1 ,4-dimethyl -2 -pyrrolidinem ethanol, 1 , 5-dim ethyl -2-pyrrolidin em ethanol, 1 - 
is ethyl -2 -pyrrol idinemethanol, 1-methyl-3-pyrrolidinemethanol, 1 ,2-dimethyl-3-pyrrolidinemethanol, 1,4-dimethyl-3-pyrro- 
lidinemethanol, 1,5-dimethyl-3-pyrrolidinemethanol, 1 -ethyl-3-pyrrolidinemethanol, 1-methyl-2-pyrrolidineethanol, 1- 
ethyl-2-pyrrolidineethanol, 1 -methyl-3-pyrrolidineethanol, 1 -ethyl-3-pyrrolidineethanol and the like. 

<a-1-5) 

20 

[0052] 1 -Substituted hydroxypyr roles and their ring -substituted derivatives such as 1 -methyl -2-hydroxypyrrole, 1.3- 
dimethyl-2-hydroxypyrrole, 1,4-dimethyl -2-hydroxypyrrole, 1 ,5<li methyl -2-hydroxypyrrole, 1 -ethyl-2-hydroxypyrrole, 1- 
methyl-3-hydroxypyrrole, 1 ,2-dimethyl-3-hydroxypyrrole, 1 ,4-dimethyl-3-hydroxypyrrole, 1 ,5-dimethyl-3-hydroxypyrrole, 
1 -ethyl -3-hydroxypyrrole and the like. 

25 

(ct-1-6) 

[0053] 1 -Substituted pyrrol ealkanols and their ring-substituted derivatives such as t-methyl-2-pyrrolemethanol, 1,3- 
dimethyi-2-pyrrolemethanol, 1,4-dimethyl -2-pyrrolemethanoI, 1 ,5-dimethyl -2-pyrrolemethnaol, 1-ethyl-2-pyrrolemetha- 
30 nol, 1-methyl-3-pyrrolemethanol, 1 f 2-dimethyl-3-pyrrolemethanol, 1 ,4-di methyl -3-pyrrolemethanol, 1 ,5-dimethyl -3-pyr- 
rolemethanol, 1 -ethyl-3-pyrrolemethanol, 1 -methyl-2-pyrroleethanol, 1 -ethyl-2-pyrroleethanol, 1 -methyl-3- 
pyrroleethanol, 1 -ethyl-3-pyrroleethanol and the like. 

(a-1-7) 

35 

[0054] 1 -Substituted piperidinols and their ring -substituted derivatives such as 1 -methyl-2-piperidinol, 1 ,3-dimethyl-2- 
piperidinol, 1,4-dimethyl-2-piperidinol, 1 ,5-dimethyl-2-piperidinol, 1 ,6-dimethyl-2-piperidinol, 1 -ethyl-2-piperidinol, 1- 
methyl-3-piperidinol, 1 ,2-dimethyl-3-piperidinol, 1,4-dimethyl-3-piperidinol, 1 ,5-dimethyl-3-piperidinol. 1 ,6-dimethyl-3- 
piperidinol, 1-ethyl-3-piperidinol, 1-n-propyl-3-piperidinol, 1-i-propyl-3-piperkjinol, 1-n-butyl-3-piperidinol, 1-i-butyl-3- 

40 piperidinol, 1 -sec-butyl-3-piperidinol, 1-t-butyl-3-piperidinol. 1 -cyclopentyl-3-piperidinol, 1-cyclohexyl-3-piperidino1, 1- 
benzyl-3-piperidinol, 1-phenyl-3-piperidinol, 1 -methyl-4-piperidinol, 1 ,2-cfimethyl-4-piperidinol, 1 ,3-dimethyl-4-piperidi- 
nol, 1-ethyl-4-piperidinol, 1 -n-propyl-4-piperidinol, 1 -i-propyl-4-piperidinol, 1-n-butyl-4-piperkjinol, 1 -i-butyl-4-piperidi- 
nol, 1-sec-butyl-4-piperidinol, 1-t-butyl-4-piperidinol, 1-cyciopentyl-4-piperidinol, 1 -cyclohexyl-4-piperidinol, 1-benzyl-4- 
piperidinol, 1 -phenyl-4-piperidinol, 1-methyloxycarbonyl-4-piperidinol, 1-ethyloxycarbonyl-4-piperidinol, 1-benzyloxy- 

45 carbonyl-4-piperidinol, 1-(4'-pyridyl)-4-piperidinol and the like. 

(a-1-8) 

[0055] 1 -Substituted piperidinealkanols and their ring-substituted derivatives such as 1 -methyl-2-piperidinemethanol, 
so 1,3-dimethyl-2-piperidinemethanol, 1,4-dimethyl-2-piperidinemethanol, 1,5-dimethyl-2-piperidinemethanol, 1,6-dime- 
thyl-2-piperidinemethanol, 1 -ethyl-2-piperidinemethanol, 1 -methyl -3 -piperidinemethanol, 1 ,2-dimethyl-3-piperid- 
inemethanol, 1,4-dimethyl-3-piperadinem ethanol, 1,5<Jimethyl-3-piperidinemethanol, 1 ,6-dimethyl-3- 
piperidinemethanol, 1 -ethyl-3-piperidinemethanol, 1 -methyl-4-piperidinemethanol, 1 ,2-dimethyl-4-piperidinemethanol, 
1 ,3-dimethyl-4-piperidinemethanol, 1 ,5-dimethyl-4-piperidinemethanol, 1 ,6-dimethyl-4-piperidinemethanol. 1 -ethyl-4- 
55 piperidinemethanol, 1-methyi-2-piperidineethanol, 1-ethyl-2-piperidineethanol, 1-rnethyl-3-piperidineethanol. 1-ethyl-3- 
piperidineethanol, 1-methyl-4-piperidineethanol, 1-ethyl-4-piperidineethanol and the like. 
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(a-1-9) 

[0056] Hydroxypyridines and their ring-substituted derivatives such as 2-hydroxypyridine, 2-hydroxy-3-methylpyridine, 
2-hydroxy-4-methylpyridine, 2-hydroxy-5-methylpyridine, 2-hydroxy-6-methylpyridine, 2-hydroxy-3,4-dimethylpyridine, 

2- hydroxy-3,5-dimethylpyridine, 2-hydroxy-3,6-dirnethylpyridine, 2-hydroxy-4,5-dimethylpyridine, 2-hydroxy-4,6-dimeth- 
ylpyridine, 2-hydroxy-5,6-dimethy!pyridine 1 3-hydroxypyridine, 3-hydroxy-2-methylpyridine, 3-hydroxy-4-methyfpyridine, 

3- hydroxy-5-methylpyridine, 3-hydroxy-6-methylpyridine. 3-hydroxy-2,4-dimethylpyridine, 3-hydroxy-2 t 5-dimethylpyrid- 
ine. 3-hydroxy-2,6-dimethylpyridine, S-hydroxy^.S-dimethylpyridine, 3-hydroxy-4,6-dimethylpyridine, 3-hydroxy-5,6- 
dimethylpyridine, 4-hydroxypyridine, 4-hydroxy-2-methylpyridine, 4-hydroxy-3-methylpyridine, 4-hydroxy-2,3-dimethyl- 
pyridine, 4-hydroxy-2,5-dimethylpyridine, 4-hydroxy-2,6-dimethylpyridine, 4-hydroxy-3,5-dimethylpyridine, 4-hydroxy- 
3,6-dimethylpyridine and the like. 

(a-1-10) 

10057] Pyridinealkanols and their ring -substituted derivatives such as 2-pyridinemethanol, 3-methyl-2-pyridinemeth- 
anol, 4-methyl-2-pyridinemethanol, 5-methyl-2-pyridinemethanol, 6-methyl-2-pyridinemethanol, 3-pyridinemethanol, 2- 
methyl-3-pyridinemethanol, 4-methy!-3-pyridinemethanol 1 5-methyl-3-pyridinemethanol, 6-methyl -3-pyridinemethanol, 

4- pyridinemethanol, 2-methyl-4-pyridinemethanol, 3-methyl-4-pyridinemethanoI, 2-pyridineethanol, 3-methy!-2-pyrid- 
ineethanol, 4-methyl-2-pyridineethanol, S-methyl-2-pyridineethanol, 6-methyl-2-pyridineethanol, 3-pyridineethanol, 2- 
methyl-3-pyridineethanol, 4-methyl-3-pyridineethanol, 5-methyl-3-pyridineethanol, 6-methyl-3-pyridineethanol, 4-pyrid- 
ineethanol, 2-methyl-4-pyridineethanol, 3-methyl-4-pyridineethanol and the like. 

(a-2-1) 

[0058] Carbonyl group-containing tetrahydrofurans and their ring-substituted derivatives such as 2-formyltetrahydro- 
furan, 3-methyl-2-formyltetrahydrofuran. 4-methyl-2-formyltetrahydrofuran, 5-methyl-2-formyltetrahydrofuran, 3,4-dime- 
thyl-2-formyltetrahydrofuran, 3,5-dimethyl-2-formyltetrahydrofuran. 4,5-dimethyl-2-formyltetrahydrofuran, 3- 
formyltetrahydrofuran, 2-methyl-3-formyKetrahydrofuran, 4-methyl-3-fbrrnyttetrahydrofuran, 5-methyl-3-formyltetrahy- 
drofuran, 2,4-dimethyl-3-formyltetrahydrofuran l 2,5-dimethyl-3-formyltetrahydrofuran, 4,5-dimethyl-3-formyltetrahydro- 
furan, 2-acetyltetrahydrofuran, 3-methyI-2-acetyitetrahydrofuran, 4-methyl-2-acetyltetrahydrofuran, 5-methyl-2- 
acetyltetrahydrofuran, 2-propiony!tetrahydrofuran, 2-butyryltetrahydrofuran, 3-acetyltetrahydrofuran, 2-methyl-3- 
acetyltetrahydrofuran, 4-methyl-3-acetyftetrahydrofuran, 5-methyl-3-acetyltetrahydrofuran, 3-propionyKetrahydrofuran, 
3-butyryltetrahydrofuran and the like. 

(a-2-2) 

[0059] Carbonyl group-containing furans and their ring-substituted derivatives such as furfural, 3-methylfurfural, 4- 
methylfurfural, 5-methyrfurfural, 3,4-dimethyrfurfural, 3,5-dimethylfurfural, 4,5-dimethytfurfural. 3-formylfuran, 2-methyl- 
3-tormyHuran, 4-methyl-3-formylfuran I 5-methyl-3-formylfuran, 2,4-dimethyl-3-formylfuran, 2,5-dimethyl-3-formylfuran. 
4,5-dimethyl-3-formylfuran, 2-acetylfuran, 3-methyl-2-acetylfuran, 4-methyt-2-acetylfuran, 5-methyl-2-acetylfuran, 2- 
propionylfuran, 2-butyrylfuran, 3-acetylfuran, 2-methyl-3-acetytfuran, 4-m ethyl -3-acetylfuran, 5-methyl-3-acety»furan, 3- 
propionylfuran, 3-butyrylfuran and the like. 

(a-2-3) 

[0060] Pyrrolidines having carbonyl group in the 1 -position and their ring -substituted derivatives such as 1 -formylpyr- 
rolidine, 1 -formyl-2-methylpyrrolidine, 1 -formyl-3-methy (pyrrolidine, 1 -formyl-2,3-dimethylpyrrolidine, 1 -formyl-2,4- 
dimethylpyrrolidine, 1 -formyl-2,5-dimethylpyrrolidine, 1 -formyl-3,4-dimethylpyrrolidine, 1 -formyl-3,5-dimethylpyrrolidine, 
1 -acetylpyrrolidine, 1 -acetyl-2-methylpyrrolidine, 1 -acetyl-3-methylpyrrolidine, 1 -acetyl-2,3-dimethylpyrrolidine, 1 - 
acetyl-2,4-dimethylpyrrolidine, 1 -acetyl-2,5-dimethylpyrrolidine, 1 -acetyl-3,4-dimethylpyrrolidine, 1 -acetyl-3,5-dimethyl- 
pyrrolidine, 1 -propionylpyrrolidine. l-butyn/ipyrrolidine and the like. 

(a-2-4) 

[0061] Pyrroles having carbonyl group in the 1 -position and their ring -substituted derivatives such as 1 -formylpyrrole, 
1 -tormyl-2-methylpyrrole, 1 -formyl-3-methylpyrrole, 1 -formyi-2,3-dimethyipyrrole, 1 -formyl-2,4-dimethylpyrrole, 1 - 
formyl-2 f 5-dimethylpyrrole, l-formyl-3,4-dimethylpyrrole, 1-formyl-3,5-dimethylpyrrole, 1 -acetylpyrrole, 1-acetyl-2-meth- 
ylpyrrole, 1 -acetyl-3-methylpyrrole, 1 -acetyl -2 ,3-dimethylpyrroIe, 1-acetyl-2.4<Jimethylpyrrole, 1-acetyl-2,5-dimethylpyr- 
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role, t-acetyl-3,4-dimethylpyrrole, l-acetyl-S.S-dimethylpyrrole, 1 -propionylpyrrole. 1-butyrylpyrrole and the like. 
(a-2-5) 

5 [0062] Piperidines having carbonyl group in the 1 -position and their ring-substituted derivatives such as 1 -formylpipe- 
ridine, 1 -formyl-2-methylpiperidine, 1 -formyl-3-methylpiperidine, 1-formyl-4-methyipiperidine, 1-formyl-2,3-dimethyl- 
piperidine, 1-formyl-2,4-dimethylpiperidine, 1-formyl-2,5-dimethylpiperidine, 1-formyl-2,6-dimethylpiperidine, 1-formyl- 

3.4- dimethylpiperidine, 1-formy I -3, 5-dimethylpiperidine, 1-formyl-3,6-dimethylpiperidine, 1 -acetylpiperidine, 1-acetyl-2- 
methylpiperidine, 1-acetyl-3-methylpiperidine, 1-acetyl-4-methylpiperidine, 1-acetyl-2,3-dimethylpiperidine, 1-acetyl- 

io 2,4-dimethylpiperidine, 1 -acetyl -2, 5-dimethylpiperidine, 1-acetyl-2,6-dimethylpiperidine, 1 -acetyl -3, 4-dimethylpiperid- 
ine, 1-acetyl-3, 5-dimethylpiperidine, 1-acetyl-3,6-dimethylpiperidine, 1-propionylpiperidine, 1 -butyrylpiperidine and the 
like. 

(a-2-6) 

75 

[0063] Carbonyl group-containing pyridines and their ring-substituted derivatives such as 2-formylpyridine, 2-formyl- 
3-methytpyridine, 2-formyl-4-methylpyridine, 2-formyl-5-methylpyridine. 2-formyl-6-methylpyridine, 2-formyl-3,4-dimeth- 
ylpyridine, 2-formyl-3,5-dimethylpyridine, 2-tormyl-3,6-dimethylpyridine, 2-fbrmyl-4,5<limethylpyridine, 2-formyl-4,6- 
dimethylpyridine, 2-formyl-5,6-dimethylpyridine, 3-formylpyridine, 3-formyl-2-methylpyridine, 3-formyl-4-methylpyr*dine, 
( .; , * 20 3-formyl-S-methylpyridine, 3-formyi-6-methylpyridine, 3-formyl-2,4-dimethylpyridine, 3-formyl-2,5-dimethylpyridine t 3- 
formyl-2 f 6-dimethylpyridine, 3-formyl-4,5-dimethylpyridine, 3-formyl-4,6-dimethylpyridine, 3-formyl-5,6-dimethylpyrid- 
ine, 4-formylpyridine, 4-formyl-2-methylpyridine, 4-formyl-3-methylpyridine, 4-formyl-2,3-dimethylpyricfine 1 4-formyl-2,5- 
dimethylpyridine, 4-formyi-2,6-dimethylpyridine, 4-formyl-3,5-dimethylpyridine, 4-formyl-3 t 6-dimethylpyridine, 2- 
acetylpyridine. 2 -acetyl -3-methylpyridine, 2-acetyl-4-methylpyridine, 2-acetyl-5-methylpyridine, 2-acetyl-6-methylpyrid- 
25 ine, 2-acetyl-3.4-dimethylpyridine, 2-acetyl-3,5-dimethylpyridine, 2-acetyl-3,6-dimethylpyridine, 2-acetyl-4,5-dimethyl- 
pyridine, 2-acetyl-4,6-dimethylpyridine, 2-acetyl-5,6-dimethyipyridine. 3-acetylpyridine. 3-acetyl-2-methylpyridine, 3- 
acetyl-4-methylpyridine, 3-acetyl-5-methylpyridine, 3-acetyl-6-methylpyridine, 3-acetyl-2,4-dimethylpyridine. 3-acetyl- 

2.5- dimethylpyridine. 3-acetyl -2 ,6-dimethy (pyridine, 3-acetyl-4 l 5-dimethylpyridine, 3-acetyl-4,6-dimethylpyridine, 3- 
acetyl-5,6<limethylpyridine, 4-acetylpyridine, 4-acetyl-2-methylpyridine, 4-acetyl-3-methylpyridine, 4-acetyl-2,3-dimeth- 

30 ylpyridine, 4-acetyl-2 t 5-dimethylpyridine, 4-acetyl-2,6-dimethylpyridine, 4-acetyl-3,5-dimethylpyridine, 4-acetyl-3,6- 
dimethylpyridine, 4-propionylpyridine, 4-butyrylpyridine and the like. 

(a-2-7) 

35 [0064] 1 -Substituted piperidones and their ring-substituted derivatives such as 1 -methyl-3-piperidone, 1,2-dimethyl- 
3-piperidone, 1 ,4-dimethyl-3-piperidone. 1 ,5-dimethyl-3 -piper idone, 1 ,6-dimethyl-3-piperidone, 1 -ethyl-3-piperidone, 1- 
methyl-4-piperidone. 1,2-dimethyl-4-piperidone, 1,3-dimethyl-4-piperidone, 1 -ethyl-4-piperidone, 1-n-propyl-4-piperi- 
done, 1-i-propyl-4-piperidone, 1 -n-butyl-4-piperidone, 1-i-butyl-4-piperidone, 1 -secbutyl-4-piperidone, 1 -t-butyl-4-piperi- 
done, 1 -cyclopentyl-4-piperidone, 1 -cyclohexyl-4-piperidone, 1 -benzyl -4-piperidone, 1 -phenyl-4-piperidone, 1 - 
& 40 methyloxycarbonyl-4-piperidone, l-ethyloxycarbonyl-4-piperidone, 1 -benzyloxycarbonyl-4-piperidone, 1 -(4-pyridy1)-4- 
piperidone and the like. 

(a-2-8) 

45 [0065] 1 -n-Dodecylazacycloheptan-2-one. 
(a-3-1) 

[0066] Pyrrolidine and its ring-substituted derivatives such as 2-methylpyrrolidine, 3-methylpyrrolidine, 2,3-dimethyl- 
so pyrrolidine, 2,4-dimethylpyrrolidine, 2,5-dimethylpyrrolidine, 3,4-dimethylpyrrolidine, 3,5-dimethylpyrrolidine, methyl 3- 
pyrrolidinecarboxylate. ethyl 3-pyrrolidinecarboxylate and the like. 

(a-3-2) 

55 [0067] Pyrrole and its ring-substituted derivatives such as 2-methylpyrrole, 3-methylpyrrole, 2,3-dimethylpyrrole, 2,4- 
dimethylpyrrole, 2,5-dimethylpyrrole, 3,4-dimethylpyrrole, 3,5-dimethylpyrrole, methyl 3-pyrrolecarboxylate, ethyl 3-pyr- 
rolecarboxylate and the like. 
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*ej>«a*'f^^ methyl «■ 



(a-3-4) 



10 



15 



20 




1-Substhuted homopiperazines such as 1 -metr^homopiperazine. l-e^homopiperazine and the .ike. 



[0070] 

(a-3-6) 



• -a* in 1 2 3-triazole 2H-1,2,3-triazole, lH-1,2,4-triazole, 4H-1.2.4- 
[0071] 2-Pyrro.ine. W ro,ine ' and pn enoxazine. 

ylpiperazine and the like; etc. 
30 - Constituent (B) - 

W The constituent (B) ^ e s ^^^^ l J^^^'^ ( ^'^i^!^|Gro(^s^o'lH 1 ^ !hTF^odic^hb'©' ,0n1 ^ 

35 of lithium, sodium, magnesium, z.rc aluminum^ example, reaction products of divinylbenzene 

[0075] As the organic compound of lrth '" m '^^^^^ sec-butylMhium. ttutyHh- 



40 



45 



50 



55 



propylsodium, i-propylsodium. n-butyteod.um. '^^^ n^ntionS ^^r Sample, dimethylmagnesium. diethyl- 
[0078] As the organic compounds ot zinc, mere w 

bis(cyclopemadienyl)zinc and the like. ^ r£> «»n he mentioned for example, trimethylaluminum. triethylalu- 

[0079] As the organic compounds of aluminum. ^^^^^^JZninum chloride, diethylaluminum 
Lum. tri-i-butylaluminum, *K2-ethy.hex^)« ethylaluminum ses- 

chtoride. methylaluminum dich ' or f " ^ dH^'uminum aluminum tri-i-propox.de. 

quchtoride.dimelhylBlum.n^ ethylaluminoxane; and in addition, corn- 

aluminum tri-t-butoxide. diethylaluminum ethox,de. "^^J^T^ 

p,exes obtained by previously reacting these 7^ ^^^^"y previously reacting these organic 
pounds of lithium or organic compounds of Magnesium (ate complexes); and the like. 

Lum chlortfe. magnesium the ftrtade Table, there can be mooned 

EmhySSbT^ 

metals such as lithium aluminum tetrahydride; and the like. 
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[0082] Among the constituents (B), when ease of handling and the like are taken into consideration, preferable are n- 
butyllithium, sec-butyllithium, dimethylmagnesium, diethylmagnesium, methylmagnesium chloride, ethylmagnesium 
chloride, methylmagnesium bromide, triethylaluminum, tri-i-butylaluminum, diethylaluminum chloride, ethylaluminum 
dichloride, aluminum tri-i-propoxide, aluminum tri-t-butoxide, lithium chloride, lithium hydride, a lithium-terminated living 
5 polymer, a carboxylithiumterminated polymer obtained by a lithium-terminated living polymer with carbon dioxide, and 
the like. 

[0083] The ratio between the constituent (A) and the constituent (B) used in the second invention, the ratio between 
the constituent (A') and the constituent (B) used in the fourth invention and the ratio between the constituent (A) and/or 
the constituent (A) and the constituent (B) used in the fifth invention are usually about not more than 20 in terms of the 

io mole ratio between the metal in the constituent (B) and the transition metal in the constituent (A) and/or the constituent 
(A*) (referred to hereinafter as the (B)/transition metal mole ratio), whereby a high catalytic activity and a high hydrogen- 
ation selectivity are exerted. The constituent (B)Ztransition metal mole ratio is preferably in the range of 0.1 to 20, more 
preferably 0.5 to 15, and particularly preferably 2 to 10. By adjusting the ratio in such a range, the catalytic activity is 
remarkably increased. In this case, when the constituent (B)Aransition metal mole ratio exceeds 20, it follows that the 

is expensive constituent (B) is used in excess without substantially participating in the enhancement of the catalytic activ- 
ity. This is not economical and, in addition, there is a fear of causing undesirable side reactions. Therefore, the mole 
ratio exceeding 20 is not desirable. 



- Constituent (C) - 

*> 

[0084] The hydrogenation catalyst in the fifth invention comprises, in addition to the above-mentioned constituent (A) 
and/or the constituent (A') and the above-mentioned constituent (B), (C) at least one member selected from the group 
consisting of alcohol compounds, carboxylic acid compounds, chain ester compounds, lactone compounds, ether com- 
pounds, thioether compounds, ketone compounds, aldehyde compounds, sulfoxide compounds, amine compounds, 
25 amide compounds, nitrile compounds, epoxy compounds and oxime compounds, whereby the storage stability of the 
catalyst is remarkably enhanced and simultaneously the particularly excellent maintainability of reaction activity is 
exerted and the handleability becomes extremely excellent. 

[0085] Among the above-mentioned constituents (C), preferable are monohydric alcohols, carboxylic acid com- 
pounds, ether compounds, ketone compounds and tertiary amines in the aspect of hydrogenation activity. 
30 [0086] The proportion of the constituent (C) used in the fifth invention is preferably in the range of 0.01 to 20, more 
preferably 0.05 to 15 and most preferably 0.1 to 10, as the mole ratio between the constituent (C) and the constituent 

(B) . When the proportion falls within the above range, the catalytic activity becomes very high and the storage stability 
and the maintainability of catalytic activity are remarkably enhanced. 

[0087] As the combination of the constituent (A) with the constituent (B) in the second invention, particularly prefera- 
35 ble is a system in which the constituent (A) consists of at least one member selected from the group consisting of the 
transition metal compounds (1) and the constituent (B) consists of at least one organic compound of lithium. 
[0088] As the combination of the constituent (A*) with the constituent (B) in the fourth invention, particularly preferable 
is a system in which the constituent (A') consists of at least one member selected from the group consisting of compo- 
nents obtained by reaction of the compounds represented by the abcve-mentioned general formula (3) with the com- 
^ v AO pounds represented by the above-mentioned general formula (4) and the constituent (B) consists of at least one organic 
compound of lithium. 

[0089] As the combination of the constituent (A) and/or the constituent (A") with the constituent (B) and the constituent 

(C) , particularly preferable is a system in which the constituent (A) consists of at least one member selected from the 
group consisting of the transition metal compounds (1), the constituent (A*) consists of at least one member selected 

45 from the group consisting of components obtained by reaction of the compound represented by the above-mentioned 
general formula (3) with the compound represented by the above-mentioned general formula (4), the constituent (B) 
consists of at least one member selected from the group consisting of the organic compounds of lithium and lithium 
hydride, and the constituent (C) consists of at least one member selected from the group consisting of monohydric alco- 
hols, carboxylic acid compounds, ether compounds, ketone compounds and tertiary amines. 

so [0090] The hydrogenation catalysts in the f irst invention, the second invention, the third invention and the fourth inven- 
tion have such characteristics that the catalytic activity and hydrogenation selectivity are very high, the thermal resist- 
ance is excellent, the reaction velocity is hardly lowered even at relatively low temperatures and hence the 
hydrogenation of an olef inically unsaturated compound can be effected selectively and with a high efficiency in a broad 
temperature range under mild conditions and, at the same time, the storage stability and maintainability of catalytic 

55 activity are excellent, and the catalysts are hardly affected by the co-existing impurities. 

[0091] Moreover, the hydrogenation catalyst of the fifth invention has, in addition to the above-mentioned character- 
istics of the hydrogenation catalysts of the first, second, third and fourth inventions, such characteristics that the catalyst 
is remarkably improved in storage stability, particularly excellent in maintainability of catalytic activity and extremely 
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10 



15 



20 



25 



30 



out being affected by the conditions for preparing the catalysts. 
niBfinicallv ■ indurated compound 

acid and th/*. and ft* o.e.inica.y to (aatpCyma* ol 

hav^excWe*, t^ioa, P-aparto *ch "^^^XSSSES. cdniugatad die™ mono™, »n* 

3^^S^«e ar£ the .ike. and styrene and/or a-methylstyrene ,s part.cu.any 
fnSri examples of the conjugated diene monomer/vinyl aromatic monomer copolymer, there can be mentioned 

decreases gradually along the polymer chain). 
50 Pm™*; fi for hyd rn ^natino ole f ini ca ll v uns aturated compound 
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cyclohexane, cycloheptane, cyclooctane and the like; ethers such as diethyl ether, tetrahydrofuran and the like; etc. 
[0102] These non-aromatic, organic solvents can be used alone or in admixture of two or more. 
[0103] Moreover, when the hydrogenation reaction is conducted under such conditions that the unsaturated bonds of 
the aromatic ring are not hydrogenated, aromatic hydrocarbons such as benzene, toluene, o-xylene, m-xylene, p- 
s xylene, ethylbenzene and the like can be used as the inert organic solvent. 

[0104] These aromatic hydrocarbons can be used alone or in admixture of two or more, and can be used in admixture 
with the above-mentioned non-aromatic, organic solvents. 

[0105] When the olefinically unsaturated compound to be hydrogenated is a living polymer obtained by living, anionic 
polymerization of a conjugated diene monomer alone or together with a vinyl aromatic monomer in the presence of, for 
10 example, an organic alkali metal or an organic alkaline earth metal as an initiator, the above living polymer per se falls 
under the category of the constituent (B) in the second, third, fourth and fifth inventions. In this case, said living polymer 
per se can be used as the constituent (B), and if necessary, the lithium hydride obtained by reacting at least part of the 
living lithium contained in the living polymer with hydrogen to deactivate the same can be used as a part or the whole 
of the constituent (B). 

is [0106] As the deactivating agent for deactivating the living lithium contained in the living polymer, known deactivating 
agents can be used, and alcohol compounds, ketone compounds and the like can also be adequately used. The 
amount of the deactivating agent used may be not less than or more than the amount equimolar to the living lithium con- 
tained in the living polymer; however, when an excess of the alcohol compound or ketone compound is used as the 
deactivating agent, the residue of these compounds can also be used as a part or the whole of the constituent (C) in 
u 20 the hydrogenation catalyst of the fifth invention. 

[0107] In these cases, whether the above living polymer is used as it is as the constituent (B) or is deactivated with 
hydrogen and then used in the form of lithium hydride which is the constituent (B) or deactivated with a deactivating 
agent and then used and in what amount hydrogen or deactivating agent is used for deactivating the living lithium are 
determined considering the above-mentioned proportions of the constituents used in the hydrogenation catalyst. 

25 [01 08] The hydrogenation reaction is usually carried out by maintaining an inert, organic solvent solution of the olefin- 
ically unsaturated compound placed in a reactor in a hydrogen gas or inert gas atmosphere at a certain temperature, 
adding the hydrogenation catalyst with or without stirring and introducing a hydrogen gas at a certain pressure. 
[0109] The "inert gas" referred to herein means a gas which does not react with any constituent participating in the 
hydrogenation reaction, for example, nitrogen, helium, neon, argon or the like. Incidentally, air and oxygen are not desir- 

30 able because they oxidize the catalyst components to deactivate the catalyst. 

[0110] In the hydrogenation reaction, the order of adding the constituents of the hydrogenation catalyst and the 
method of adding the hydrogenation catalyst are not critical. Accordingly, a hydrogenation catalyst previously prepared 
in a catalyst-preparing tank separate from a reactor may be fed to the reactor or each of the constituents of the hydro- 
genation catalyst may be fed separately to the reactor. 

35 [0111] When the hydrogenation catalyst is previously prepared in a catalyst-preparing tank, the atmosphere in the 
catalyst-preparing tank may be a hydrogen gas or an inert gas. The temperature for preparing the catalyst and the tem- 
perature for storing the catalyst after its preparation are preferably -50 to + 100°C, more preferably -20 to +80°C. The 
time necessary for the catalyst preparation is varied depending upon the temperature; however, for example, at 25°C, 
the time is preferably about several seconds to 60 days, more preferably about 1 minute to 20 days. The hydrogenation 
! ^ 40 catalyst thus prepared is safe even in air in some cases; however, it is preferable to handle the same in a hydrogen gas 
or in an inert atmosphere such as an inert gas. 

[0112] Moreover, when a hydrogenation catalyst is previously prepared in a catalyst-preparing tank, it is necessary 
to transfer the hydrogenation catalyst prepared to a reactor, and this transference is preferably conducted in a hydrogen 
gas atmosphere. The transference of the hydrogenation catalyst to the reactor is preferably effected at a temperature 
45 of -30 to +100°C, more preferably -10 to +90°C, and it is desirable to effect the transference just before the initiation of 
the reaction. 

[0113] Each of the constituents (A), (A'), (B) and (C) of the hydrogenation catalysts is preferably used in solution 
because this is easy to handle. In this case, as the solvent, any solvent can be used as far as it does not react with any 
component participating in the hydrogenation reaction; however, the same solvent as the above-mentioned inert, 
so organic solvent used in the hydrogenation reaction is preferred. 

[01 1 4] When a hydrogenation catalyst is previously prepared in a catalyst-preparing tank, rt is possible to add a com- 
pound having a double bond, for example, butadiene, styrene, isoprene, ethylene, propylene, butylene or the like as a 
stabilizer for the catalyst. Moreover, the compound having a double bond may be added as a catalyst stabilizer during 
the hydrogenation reaction. 

55 [01 1 5] The amount of the hydrogenation catalyst used in the hydrogenation of the olefinically unsaturated compound 
is preferably 0.001 to 50 millimoles in terms of the transition metal contained in the constituent (A) and/or the constituent 
(A*), per 100 g of the olefinically unsaturated compound, and when the amount is in this range, in the case of the con- 
jugated diene monomer/vinyl aromatic monomer copolymer, rt is possible to preferentially hydrogenate the conjugated 
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tivity is realized. Incidentally, even ^^^^ in a larger amount than 

millimoles, the hydrogenat.on is poss.ble. but the use o\ ^^con^ of ash . removal or 

ciently quickly contacted with the oMHc* ^SSSSSSSy 0 to 200«C. more preferably 20 to 180»C. In this 
[01 17] The reaction temperature .n the WW™^**^*^ beC0 mes low and the necessary reaction 

such temperatures are not desirable. ^-kiu in thp ranae of 1 to 1 00 kg/cm 2 . In this case, at 

[0118] The hydrogen gas pressure ir .the ^ffg^^J^^^ L progress of Hydrogenation 
a hydrogen gas pressure of ess than 1 JJJ^ hydrogenation tends to be 

reaction reaches substantially the uppermost l.mrt and "^'"J"?^^ £J fear 0, musing undesirable side 
made difficult. On the other hand, when the pressure exceeas ' fHQ hvriroaen ation reaction is substan- 

reactions and gelation of olefinica.ly unsaturated compound- In ^^^^^^^^^^^ 
My comp.eted in the course of elevating the pressure to 100 ^cn*rt ^JJJJT JJ^ J, kg/cm 2. Th e op timum 
SU re over 100 kg/cm*. The hydrogen gas pressure ^s more p w£ suitable mat 

degree of hydrogenation im , pn ti on has firstly such characteristics that the catalytic activity of the 

[01 1 9] The hydrogenation process of the sixth invention has firefly sucn ^ when ^ reac . 

hydrogenation catalyst used is very high and the necessary a r^*^^^£ remaining catalyst does not 
tion Product is a polymer arxt the hydr^ena^ 

affect remarkably adversely the property of the polyme -anda ^es not remain in the polymer, and that 

=Sng SET rSSSSr rented a. the hydrogenation oan be 

excellent in thermal resistance and the react.o .ye- ««^Jr*J ^SnlffldSS ev^ under mild reaction conditions 

plastic elastomer having a high industrial value. u^Hmn-nated bv the sixth invention is a polymeric com- 

thermoplastic resin or the like. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

[0124] Examples are shown below to more specifically explain modes for carrying out this invention. However, this 
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invention should not be construed to be limited to the Examples. 



Reference Example 1 

5 [0125] In a 500-milliiiter, three-necked flask which had been sufficiently dried and purged with nitrogen were placed 
185 millimoles of bis(cyclopentadienyl)titanium chloride and 200 milliliters of dehydrated diethyl ether. 
[01 26] Separately, in a constant pressure dropping funnel purged with nitrogen was placed 1 00 milliliters of a solution 
in dehydrated diethyl ether of a reaction product [referred to hereinafter as Compound (I)] of 370 millimoles of tetrahy- 
drofurfuryl alcohol with 370 millimoles of rvbutyllithium. 

10 [0127] Subsequently, the three-necked flask was cooled to -20°C, the solution of Compound (I) in the constant pres- 
sure dropping funnel was dropped slowly into the flask over about 20 minutes while the contents of the flask were vio- 
lently stirred with a magnetic stirrer and, after completion of the dropwise addition, the stirring was continued for 20 
minutes. Subsequently, 5 milliliters of dichloromethane was added for decomposing the excess of Compound (I) and 
the temperature was slowly returned to room temperature. Subsequently, the lithium chloride produced as a by-product 

15 was removed by filtration and the diethyl ether was removed by distillation. Thereafter, 200 milliliters of dehydrated 
dichloromethane was added and insolubles were then removed by filtration, after which the dichloromethane was 
removed by distillation. Subsequently, the reaction product was evaporated under reduced pressure to dryness to 
obtain 144 millimoles of bis(cyclopentadienyl)titanium bis(tetrahydrofurfuryloxy) represented by the above-mentioned 
_ formula (7-1). This compound is referred to hereinafter as Compound (A1). 

■;<\ 20 

Reference Example 2 

[0128] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
moles of furfuryl alcohol with 370 millimoles of n-butyllithium was substituted for the Compound (I), to obtain 140 milli- 
25 moles of a compound represented by the above-mentioned formula (7-2). This compound is referred to hereinafter as 
Compound (A2). 

Reference Example 3 

30 [0129] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
moles of furfural with 370 millimoles of n-butyllithium was substituted for the Compound (I) to obtain 137 millimoles of 
a compound represented by the above-mentioned formula (7-5). This compound is referred to hereinafter as Com- 
pound (A3). 

35 Reference Example 4 

[0130] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
moles of indole with 370 millimoles of n-butyllithium was substituted for the Compound (I) to obtain 140 millimoles of a 
compound represented by the above-mentioned formula (7-7). This compound is referred to hereinafter as Compound 
W 40 (A4). 

Reference Example 5 

[0131] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
45 moles of piperidine with 370 millimoles of n-butyllithium was substituted for the Compound (I), to obtain 138 millimoles 
of a compound represented by the above-mentioned formula (7-6). This compound is referred to hereinafter as Com- 
pound (A5). 

Reference Example 6 

50 

[0132] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
moles of imidazole with 370 millimoles of n-butyllithium was substituted for the Compound (I) to obtain 135 millimoles 
of a compound represented by the above-mentioned formula (7-8). This compound is referred to hereinafter as Com- 
pound (A6). 

55 

Reference Example 7 

[0133] The same procedure as in Reference Example 1 was repeated, except that a reaction product of 370 milli- 
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as Compound (A7). 
5 Reference Example 8 

,M TPe same procedure as in Reference M. ph 1 -X^S^^^.^- ~ 

to pound (A8). 

Reference Example 9 

as Compound (A9). 
Reference Example 10 

inafter as Compound (A10). 
Reference Example 1 1 

-^tn^r*^ 

Compound (A11). 
Reference Example 12 

,0,3a, T* same procedure ae in Reference Exampfe IS^-^V^^SSSSS 
(A12). 

40 Reference Example 13 

,.,39, Tr. same procedure as in Reference Example 1 ^-^CSJS 

b>^^^ 

45 pound (A1 3). 

Reference Example 14 

,„,«,, ™ same procsdur. as in Reference Example 1 ~X^SZ^^<^« J££ 

pound (A14). 
Reference Example 15 

W Tna same procedure as U, Reference i-<*^~*££ ^e'SC^^oSn",* 
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as Compound (A15). 
Reference Example 16 

5 [0142] The same procedure as in Reference Example 1 was repeated, except that bis(n-butylcyclopentadienyl)tita- 
nium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride to obtain 140 millimoles of a compound 
represented by the above-mentioned formula (8-4). This compound is referred to hereinafter as Compound (A16). 

Reference Example 17 

w 

[0143] The same procedure as in Reference Example 1 was repeated, except that bis(n-butylcyclopentadienyl)tita- 
nium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride and a reaction product of 1 85 millimoles 
of f urf uryl alcohol with 1 85 millimoles of n-butyllithium was substituted for the Compound ( I) to obtain 1 45 millimoles of 
a compound represented by the above-mentioned formula (8-5). This compound is referred to hereinafter as Com- 
75 pound (A1 7). 

Reference Example 18 

[0144] The same procedure as in Reference Example 1 was repeated, except that bis(2-ethylhexylcyclopentadi- 
( j 20 enyl)titanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride to obtain 143 millimoles of a 
compound represented by the above-mentioned formula (9-1). This compound is referred to hereinafter as Compound 
(A18). 

Reference Example 1 9 

25 

[0145] The same procedure as in Reference Example 1 was repeated, except that bis(2-ethylhexylcyclopentadi- 
enyl)titanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride and a reaction product of 185 
millimoles of f urf uryl alcohol with 185 millimoles of n-butyllithium was substituted for the Compound (I) to obtain 142 mil- 
limoles of a compound represented by the above-mentioned formula (9-2). This compound is referred to hereinafter as 
30 Compound (A19). 

Reference Example 20 

[0146] The same procedure as in Reference Example 1 was repeated, except that [(dimethylsilylene)-bis( n5 -2,4- 
35 cyclopentadien-1-ylidene]titanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride to obtain 
138 millimoles of a compound represented by the above-mentioned formula (14-1). This compound is referred to here- 
inafter as Compound (A20). 

Reference Example 21 

L AO 

[0147] The same procedure as in Reference Example 1 was repeated, except that [(dimethylsilylene)-bis( n5 -2,4- 
cyclopentadien-1-ylideneJtrtanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride and a 
reaction product of 370 millimoles of f urf uryl alcohol with 370 millimoles of n-butyllithium was substituted for the Com- 
pound (I) to obtain 1 41 millimoles of a compound represented by the above-mentioned formula (1 4-2). This compound 
45 is referred to hereinafter as Compound (A21 ). 

Reference Example 22 

[0143] The same procedure as in Reference Example 1 was repeated, except that [(dimethylsilylene)-bis(Ti 5 -2,4- 
so cyclopentadien-1-ylidene]trtanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride and a 
reaction product of 370 millimoles of morpholine with 370 millimoles of n-butyllithium was substituted for the Compound 
(I) to obtain 145 millimoles of a compound represented by the above-mentioned formula (14-7). This compound is 
referred to hereinafter as Compound (A22). 

55 Reference Example 23 

[0149] The same procedure as in Reference Example 1 was repeated, except that [(dimethylsilylene)-bis(T| 5 -2,4- 
cyclopentadien-1-ylidene]titanium dichloride was substituted for the bis(cyclopentadienyl)titanium dichloride and a 
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the Compound (I) to obtain 145 milbmoles of a compound representee D y me 
compound is referred to hereinafter as Compound (A23). 

5 Reference Example 24 

iydopentadleo-l-ylkleneltltannjn, ckNonda ,S»^3^S^SSil«hium wi subaltuted for the Com- 

is referred to hereinafter as Compound (A24). 
Reference Example 25 

Reference Example 26 

25 Reference Example 27 

Reference Example 28 

Reference Example 29 

Example 1 

1110,65 *~ »u 0 ai rf^flwp in excess of the number of moles of the living lithium 

E3. ^r^ssr^'^rrr^ ~ - — . — — — 

became nil. thereby obtaining 13.76 millimoles of WJum MrKle ^ ^ 

dring «* a hyd-ogon ,as «» fed to fee «~J££ " Kwnrton of 99% as measured by <H- 
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[01 60] The above results are shown in Table 1 . 
Example 2 

[0161] In a 10-liter autoclave were placed 59.5 moles of deaerated and dehydrated cyclohexane and 18.5 moles of 
1,3-butadiene and thereafter 0.234 mole of tetrahydrofuran and 17.2 millimoles of n-butyllithium were added thereto, 
after which the resulting mixture was subjected to temperature-elevating polymerization at a polymerization-initiating 
temperature of 50°C to polymerize the same until the polymerization conversion became approximately 100%. There- 
after, 3.44 millimoles of tetrachlorosilane was added to the reaction mixture and the mixture was then subjected to cou- 
pling reaction. The amount of the living lithium in the resulting reaction mixture, as measured by an acid-base titration, 
was 1.4 millimoles. 

[0162] Subsequently, a hydrogen gas was fed to autoclave in excess of the number of moles of the living lithium and 
the mixture was then stirred for about 2 hours to be subjected to reaction until the amount of the living lithium became 
nil, thereby obtaining 1.4 millimoles of lithium hydride. 

[0163] Subsequently, 1 .6 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was placed in the auto- 
clave in a nitrogen atmosphere and the resulting mixture was then subjected to reaction at 100°C for 90 minutes with 
stirring while a hydrogen gas was fed to the autoclave at a pressure of 8.0 kg/cm 2 . 

[0164] The reaction product obtained was a polymer having a degree of hydrogenation of 99% as measured by 1 H- 
NMR spectrum (100 MHz), a 1 ,2-conf iguration content before hydrogenation of 39%, an Mn value before coupling of 
1 10,000 and an Mn value after coupling of 340.000. The weight ratio of the uncoupled polymer to the coupled polymer 
was 1 :4 as calculated from the results of measurement* by a gel permeation chromatography. 
[0165] The above results are shown in Table 1 . 

Example 3 

[0166] In a 10-liter autoclave were placed 59.5 moles of deaerated and dehydrated cyclohexane. 2.88 moles of sty- 
rene and 12.96 moles of 1 ,3-butadiene and thereafter 3.125 moles of tetrahydrofuran and 8.6 millimoles of n-butyllith- 
ium were added to them, after which the resulting mixture was subjected to temperature- elevating polymerization at a 
polymerization-initiating temperature of 10°C to polymerize the same until the polymerization conversion became 
approximately 100%. The amount of the living lithium in this reaction mixture, as measured by an acid-base titration, 
was 4.29 millimoles. 

[0167] Subsequently, 1.5 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was placed in the auto- 
clave in a nitrogen atmosphere and the resulting mixture was then subjected to reaction with stirring at 100°C for 80 
minutes while a hydrogen gas was fed to the autoclave at a pressure of 8.0 kg/cm 2 . 

[0168] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), a 1 ,2-conf iguration content in the butadiene portion before hydro- 
genation of 78% and an Mn of 320,000 in which polymer the unsaturated bonds of the aromatic rings were substantially 
not hydrogenated. 

[01 69] The above results are shown in Table 1 . 
Example 4 

[0170] After polymerization was conducted in the same manner as in Example 3, carbon dioxide was fed to the auto- 
clave in excess of the number of moles of the living lithium and the mixture was then stirred for about 2 hours to be sub- 
jected to reaction until the amount of the living lithium became nil, thereby producing 4.29 millimoles of a 
carboxylithium-terminated styrene/1 ,3-butadiene copolymer. 

[0171] Subsequently, 1.5 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was fed to the autoclave 
in a nitrogen atmosphere and the resulting mixture was then subjected to reaction with stirring at 100°C for 80 minutes 
while a hydrogen gas was fed to the autoclave at a pressure of 8.0 kg/cm 2 . 

[0172] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
98% as measured by 1 H-NMR spectrum (100 MHz) in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated and the proportion of addition of a carboxyl group to the polymer terminals was 40% 
based on the amount of the living lithium. 
[01 73] The above results are shown in Table 1 . 

Example 5 

[0174] After polymerization was conducted in the same manner as in Example 3, 4.29 millimoles of benzophenone 
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S ^S^L^ere and .he i «as toen ejected to .ea*n wito sardng a, 100-C to. 80 n,nu,as 

E «S7K^>» 000 MHz) in wt*h pCme, toe unseated bonds of toe aromaec nngs »e,e 

substantially not hydrogenated. 

[01 77] The above results are shown in Table 1 . 

to Example 6 

mi ™ m a io liter autoclave were placed 59.5 moles of deaerated and dehydrated cyclohexane and 1 .44 moles of 
[0178] ^^^f^SSSl tetrahydrofuran and 8.6 millimoles of n-biityllithium were fed to the autoclave, 

" WG^d^wS ™£ZTo, T^uWlS. was piased in toe ,utodave, a«c -K* to. resuBn, .nixis^ «as 

S. m!S,T«Ttot> ijaboul 2 hours lobe subieced to .eaciion or* toe amoun, o. the tang Irto.um 

hprame nil thereby producing 4.3 millimoles of lithium hydride. 

EST SubseTerSy 0.15 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was placed \m *e auto- 
clave !n a nSn atmosphere and the resulting mixture was then subjected to reaction wrth st.rr.ng at 1 10'C for 180 

ml as mTasuri bT^NMR spectrum (100 MHz), a 1 .2-configuration content in the butadiene porton before hydro- 
?™ S ISl ^nd an Mn value of 295 000 in which polymer the unsaturated bonds of the aromatic rings were sub- 
SSnoWenat^ti^LSe shows that whTn the amount of the constant (A) is small, the reaction 
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velocity is somewhat lowered. 
[0182] The above results are shown in Table 1 . 

35 Example 7 

101831 After polymerization was conducted in the same manner as in Example 6. 35 millimoles of Con^nd (A1) 
Sed in 1 0 mimwers of toluene was added to the reaction mixture and the resulting mixture was then subjected to 
reSon at 100°C for 20 minutes with stirring while a hydrogen gas was fed at a pressure of 8.0 kg/cm'. 
4 D EST TneTeacL product obtained was a polymer having a degree of hydrogenation in the butad.ene porton of 
STis measure^ 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic nngs ^were 
SottanS ^^^ofhyiogenated This Example shows that even when the amount of the constituent (A) .s large, the 
h^enaL is not obstructed and the reaction velocity is rather increased in some cases. 
[0185] The above results are shown in Table 1 . 
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Example 8 

f01861 After polymerization was conducted in the same manner as in Example 6. the reaction product obtained was 
£m to e£an2 Z the polymer obtained was purified by reprecipitation. Thereafter, the pur .ed was «*■ 

ctenfy dri^dana redissoIvS !n59.5 moles of deaerated and dehydrated cydohexane .n a 10-.,ter autoclave ,n s n,tro- 

foTa^TSSuently 2 8 millimoles of triethylaluminum was added to the resulting solution and 1 .4 millimoles of Com- 

Reaction at UO'C for 70 minutes with stirring while a hydrogen gas was fed at a pressure of 80 kg/crr* 
loisir The reaction product obtained was a polymer having a degree of hydrogenat.cn in the butad,ene portion of 
Sfas m?atuS b7 1 S NMR spectrum (100 MHz) in which polymer the unsaturated bonds of the aromatic nngs were 



substantially not hydrogenated 
[0189] The above results are shown in Table 1 
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Example 9 

[0190] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
conducted. 

5 [0191 ] Subsequently, 2.8 millimoles of dimethylmagnesium was added to the solution obtained and 1 .4 millimoles of 
Compound (A1) dissolved in 10 milliliters of toluene was then added thereto, after which the resulting mixture was sub- 
jected to reaction at 90°C for 80 minutes with stirring while a hydrogen gas was fed at a pressure of 8.0 kg/cm 2 . 
[0192] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz) in which polymer the unsaturated bonds of the aromatic rings were 

io substantially not hydrogenated. 

[0193] The above results are shown in Table 1 . 

Example 10 

15 [0194] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
conducted. 

[0195] Subsequently, 28 millimoles of n-butyllithium was added to the solution obtained and 1 .4 millimoles of Com- 
pound (A1) dissolved in 10 milliliters of toluene was then added thereto, after which the resulting mixture was subjected 
to reaction at 90°C for 40 minutes with stirring while a hydrogen gas was fed at a pressure of 8.0 kg/cm 2 . 
20 [0196] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
98% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[01 97] The above results are shown in Table 1 . 

25 Example 1 1 

[0198] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
conducted. 

[0199] Subsequently, 0.7 millimole of n-butyllithium was added to the solution obtained and 1.4 millimoles of Com- 
30 pound (A1 ) dissolved in 1 0 milliliters of toluene was then added thereto, after which the resulting mixture was subjected 

to reaction with stirring at 100°C for 90 minutes while a hydrogen gas was fed at a pressure of 8.0 kg/cm 2 . 

[0200] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 

99% as measured by 1 H-NMR spectrum (1 00 MHz), in which polymer the unsaturated bonds of the aromatic rings were 

substantially not hydrogenated. 
35 [0201 ] The above results are shown in Table 1 . 

Example 12 

[0202] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
40 conducted. 

[0203] Subsequently, 2.8 millimoles of n-butyllithium was added to the solution obtained and thereafter 2.8 millimoles 
of ethanoi was added thereto. 

[0204] Subsequently. 1 .4 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was added thereto and the 
resulting mixture was then subjected to reaction with stirring at 100°C for 70 minutes while a hydrogen gas was fed at 
45 a pressure of 8.0 kg/cm 2 . 

[0205] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0206] The above results are shown in Table 1. 

so 

Example 13 

[0207] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
conducted. 

55 [0208] Subsequently, 2.8 millimoles of n-butyllithium was added to the solution obtained and thereafter 2.8 millimoles 
of acetone was added thereto. 

[0209] Subsequently, 1 .4 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was added to the resulting 
mixture and the mixture was then subjected to reaction with stirring at 1 10°C for 60 minutes while a hydrogen gas was 
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10 



15 



fed at a pressure 8.0 kg/cm 2 . hydrogenation in the butadiene portion of 

substantially not hydrogenated. 

[021 1] The above results are shown in Table 1 . 

Example 14 

10212] in the same manner as in Example 8, polymerization, purificatton by reprecipitation and redissolution were 
^flubsequentf, 2.8 mil.imo.es of n-buty..i«hium was added to the so.ution obtained and then 0.056 mi..imo.e of 
benzophenone was added thereto r „ mnmind , A1 x d j SS olved in 10 milliliters of toluene was added to the resulting 

fed at a pressure of 8.0 kg/cm 2 . . wrT1Qr .- nn _ dearee of hydrogenation in the butadiene portion of 

substantially not hydrogenated. 

[021 6] The above results are shown in Table 1 . 

Example 15 

,n the same manner as in Example 8. polymerization, plication by reprecipitation and redissolution were 



[0217] 
condu* 
[0218] 

was then added thereto. 



25 ^Tlubsecuent.y. 2.8 mi.limo.es of n-butyUrthium was added to the so.ution and 15 n*Kmo.es of benzophenone 



30 



was then added thereto. . H;ccriK/0 H in 10 milliliters of toluene was fed to the resulting 

velocity is somewhat lowered. 
[0221] The above results are shown in Table 1 . 

Example 16 

10222] Polymerization and hydrogenation were conducted in the same manner as in Examp.e 1. except that Com- 
pound (A2) was substituted for the Compound ' . hydrogenation in the butadiene portion of 

substantially not hydrogenated. 
[0224] The above results are shown in Table 1 . 

45 Example 17 

10225] Polymerization and hydrogenation were conducted in the same manner as in Examp.e 1 . except that Com- 
pound (A3) was substituted for the Compound (A1). hudrooenation in the butadiene portion of 

substantially not hydrogenated. 
[0227] The above results are shown in Table 1 . 



35 



40 



50 



55 



Example 18 

,0228] P*™*—. and ayd-ooanata, ware conduced in fta same mannar as in t=*an*a , . axdep. ft* Con- 

vyzZZiSZ SEES*. *U ^ a - **°°-»- " - * 
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99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 

substantially not hydrogenated. 

[0230] The above results are shown in Table 1 . 

5 Example 19 

[0231] Polymerization and hydrogenation were conducted in the same manner as in Example 1, except that Com- 
pound (A5) was substituted for the Compound (A1). 

[0232] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
io 98% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0233] The above results are shown in Table 1 . 

Example 20 

75 

[0234] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A6) was substituted for the Compound (A1). 

[0235] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
(^j 20 substantially not hydrogenated. 

[0236] The above results are shown in Table 1 . 

Example 21 

25 [0237] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A7) was substituted for the Compound (A1). 

[0238] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
30 [0239] The above results are shown in Table 1 . 

Example 22 

[0240] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
35 pound (A8) was substituted for the Compound (A1). 

[0241] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0242] The above results are shown in Table 1. 

40 

Example 23 

[0243] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A9) was substituted for the Compound (A1). 
45 [0244] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (1 00 MHz), in which polymer the unsaturated bonds of the aromatic rings w re 
substantially not hydrogenated. 
[0245] The above results are shown in Table 1 . 

so Example 24 

[0246] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A1) which had been stored for 6 months at room temperature was substituted for the Compound (A1) as the 
constituent (A) for confirming the storage stability of the catalyst constituents. 
55 [0247] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), by which it was confirmed that Compound (A1) was excellent in 
storage stability. 

[0248] The above results are shown in Table 1. 
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Example 25 

UaintanperaW. and <h. hydro^n in Se buBdiana portion d 

SSS, a»an ai nx,a than 100-C and «aa axcallan, in tba-mal resaanaa. 
[0251 ] The above results are shown in Table 1 . 



10 Example 26 

were changed to 90°C and 90 ^niite^respectvely. hydrogenation in the butadiene portion of 

substantially not hydrogenated. 

[0254] The above results are shown in Table 1 . 

20 Example 27 

[02 55] Polymerization and hydrogenation were conducted in the same manner as in Example 1 . except that Com- 
pound (A1 1) was substituted for the Compound (A1 ). hvdroaenation in the butadiene portion of 

substantially not hydrogenated. 

[0257] The above results are shown in Table 2. 

Example 28 

l0 258] Polymerization and hydrogenation were conducted in the same manner as in Example 1 . except that Com- 
pound (A12) was ^ M ^2l^^^ mer naving a degree of hydrogenation in the butadiene portion of 

35 substantially not hydrogenated. 

[0260] The above results are shown in Table 2. 



30 



Example 29 

<o [026U Polymerization and hydrogenation were conducted in the same manner as in Exampie 1 . except that Com- 
pound (A13) was ^^^l^^^^ naving a degree of hydrogenation in the butadiene portion of 

Ssm^urb^ 
substantially not hydrogenated. 
45 [0263] The above results are shown in Table 2. 

Example 30 

,0264] Polymerization and hydrogenation were conducted in the same manner as in Example 1 . except that Com- 
pound (A14) was having a degree of hydrogenation in the butadiene portion of 
98% 5 Js mrasuN^y" H-f^R ^edtrum (100 Mte)Ti which fxrfymerttie unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0266] The above results are shown in Table 2. 

55 

Example 31 

[0267] Polymerization and hydrogenation were conducted in the same manner as in Examp.e 1 . except that Com- 



50 
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pound (A15) was substituted for the Compound (A1). 

[0268] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
98% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
5 [0269] The above results are shown in Table 2. 

Example 32 

[0270] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
ic? pound (A1 6) was substituted lor the Compound (A1 ). 

[0271] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0272] The above results are shown in Table 2. 

75 

Example 33 

[0273] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A17) was substituted for the Compound (A1). 
20 [0274] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0275] The above results are shown in Table 2. 

25 Example 34 

[0276] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A18) was substituted for the Compound (A1). 

[0277] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
30 98% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
[0278] The above results are shown in Table 2. 

Example 35 

35 

[0279] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (A19) was substituted for the Compound (A1). 

[0280] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
40 substantially not hydrogenated. 

[0281 ] The above results are shown In Table 2. 

Example 36 

45 [0282] Polymerization and hydrogenation were conducted in the same manner as in Example 1 . except that Com- 
pound (A20) was substituted for the Compound (A1). 

[0283] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
99% as measured by 1 H-NMR spectrum (100 MHz), in which polymer the unsaturated bonds of the aromatic rings were 
substantially not hydrogenated. 
so [0284] The above results are shown in Table 2. 

Example 37 

[0285] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
55 conducted. 

[0286] Subsequently, 1.4 millimoles of Compound (A1) dissolved in 10 milliliters of toluene was added to the solution 
obtained and the resulting mixture was then subjected to reaction with stirring at 100°C for 90 minutes while a hydrogen 
gas was fed at a pressure of 8.0 kg/cm 2 . 
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substantially not hydrogenated. 

[0288] The above results are shown in Table 2. 

Example 38 

I02 89] in the same manner as in Example 8. polymerization, purificatton by .precipitation and redissolution were 
conducted. ^.ccoK/oH in 10 milliliters of toluene was added to the solution 

gas was fed at a pressure of 8.0 kg/cm*. f nydroge nation in the butadiene portion of 

?5 substantially not hydrogenated. 

[0292] The above results are shown in Table 2. 

Example 39 

20 f.0293] .n the same manner as in Examp.e 8. polymerization, purification by relation and redfcsolution were 
conducted. , /A1Q v niccnh/Pd in 10 milliliters of toluene was added to the solution 

gas was fed at a pressure of 8.0 kg/cm . hx/ ri r naenation in the butadiene portion of 

substantially not hydrogenated. 

[0296] The above results are shown in Table 2. 

30 Example 40 

10297] in the same manner as in Example 8. polymerization, purification by repreciprtation and redissoiution were 

conducted. TBWtaerf rwii«jrd iA161 dissolved in 10 milliliters of toluene was added to the solution 

[0298] Subsequently. 1 .4 m.ll.moles of CaTipou^^ 6) d^vea minutes ^ g hydrogen 

35 obtained and the resulting mixture was then subjected to reaction wrtn st.rr.ng 

gas was fed at a pressure of 8.0 kg/cm . rtartroo n « hvdroaenation in the butadiene portion of 



40 



substantially not hydrogenated. 
[0300] The above results are shown in Table 2. 



Examples 41 to 44 

[0 301] Polymerization and hydrogenation were conducted in the same .manner as in Example 1. except that Com- 
45 pound (A16), (A17). (A18) or (A1 9) was ^^^^"^ee hydrogenation in the butadiene portion 

Ka? m r^ 

tially not hydrogenated. 
50 Example 45 



55 



substantially not hydrogenated. 
[0305] The above results are shown in Table 2 
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Comparative Example 1 

[0306] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (a1) was substituted for the Compound (A1). 

[0307] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
25% as measured by 1 H-NMR spectrum (100 MHz), namely the degree of hydrogenation was remarkably low. 
[0308] The above results are shown in Table 3. 

Comparative Example 2 

[0309] Polymerization and hydrogenation were conducted in the same manner as in Example 1 , except that Com- 
pound (a2) was substituted for the Compound (Al). 

[0310] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
55% as measured by 1 H-NMR spectrum (100 MHz), namely the degree of hydrogenation in the butadiene portion was 
remarkably low. 

[031 1] The above results are shown in Table 3. 
Comparative Example 3 

[0312] Polymerization and hydrogenation were conducted in the same manner as in Example 1, except that Com- 
pound (a3) was substituted for the Compound (A1). 

[0313] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
45% as measured by 1 H-NMR spectrum (100 MHz), namely the degree of hydrogenation was remarkably low. 
[0314] The above results are shown in Table 3. 

Comparative Example 4 

[0315] Polymerization and hydrogenation were conducted in the same manner as in Example 1, except that Com- 
pound (a4) was substituted for the Compound (A1). 

[0316] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
35% as measured by 1 H-NMR spectrum (100 MHz), namely the degree of hydrogenation was remarkably low. 
[031 7] The above results are shown in Table 3. 

Comparative Example 5 

[031 8] After polymerization was conducted in the same manner as in Example 1 , a hydrogen gas was fed to the auto- 
clave in excess of the number of moles of the living lithium, and the mixture was then stirred for about 2 hours to be 
subjected to reaction until the amount of the living lithium became nil, thereby producing 13.76 millimoles of lithium 
hydride. 

[0319] Subsequently, 1.6 millimoles of Compound (a5) dissolved in 10 milliliters of toluene was fed to the autoclave 
in a nitrogen atmosphere and the resulting mixture was then subjected to reaction with stirring at 100°C for 250 minutes 
while a hydrogen gas was fed at a pressure of 8.0 kg/cm 2 . 

[0320] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
96% as measured by 1 H-NMR spectrum (100 MHz), and a longer period of reaction time was required than in Example 
1. 

[0321] The above results are shown in Table 3. 
Comparative Example 6 

[0322] In the same manner as in Example 8, polymerization, purification by reprecipitation and redissolution were 
conducted. 

[0323] Subsequently, 13.76 millimoles of 2 l 6-di-t-butyl-4-methylphenoxylithium [this compound is referred to herein- 
after as Compound (b1)] was added to the solution obtained and the resulting mixture was then stirred, after which 100 
milliliters of a toluene solution containing 1 .6 millimoles of bis(cyclopentadienyl)titanium dichloride [this compound is 
referred to hereinafter as Compound (a6)] was added to the mixture. The resulting mixture was stirred and thereafter 
subjected to reaction with stirring at 1 00°C for 60 minutes while a hydrogen gas was fed at a pressure of 8.0 kg/cm 2 . 
[0324] The reaction product obtained was a polymer having a degree of hydrogenation in the butadiene portion of 
90% as measured by 1 H-NMR spectrum (100 MHz), namely the catalytic activity was insufficient. 



37 



EP 0 974 602 A1 



[0325] The above results are shown in Table 3. 

[0326] In Tables 1 and 2, other components than Compounds (A1) to (A20), Compounds (a1) to (a6) and Compound 
(b1) which are constituents of the hydrogenation catalyst were as follows: 

B1: Lithium hydride. 

B2 : Lithium-terminated styrene/1 ,3 -butadiene copolymer (living polymer). 

B3: Triethylaluminum. 

B4: Dimetbylrnagnesium. 

B5: n-Butyllithium. 

B6: Carboxylithium-terminated styrene/1 ,3-butadiene copolymer obtained by reaction between carbon dioxide and 

lithium-terminated styrene/1 ,3-butadiene copolymer (living polymer). 

C1 : Benzophenone. 

C2: Ethanol, 

C3; Acetone. 



Table 1 



Example No. 


Catalyst constituents 


Reaction conditions 


Degree of 
nyoro gena- 
tion (%) 




Constituent 
(A) (mmol.) 


Constituent 
(B) (mmol.) 


Constituent 
(C) (mmol.) 


Pressure 
(kq/cm 2 ) 


Temp. (C°) 


Time (min) 




1 


A1 (1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


2 


A1 (1.6) 


B1 (1.4) 




8.0 


100 


90 


99 


3 


A1 (1.6) 


B2 (4.29) 




8.0 


100 


80 


99 


4 


A1 (1.5) 


B6 (4.29) 


_ 


ao 


100 


80 


98 


5 


A1 (1.5) 


B2 (4.29) 


C1 (4.29) 


8.0 


100 


80 


99 


6 


A1 (0.15) 


B1 (4.3) 




8.0 


110 


180 


96 


7 


A1 (35) 


B1 (4.3) 




8.0 


100 


20 


99 


8 


A1 (1.4) 


B3 (2.8) 




8.0 


100 


70 


99 


9 


A1 (1.4) 


B4 (2.8) 




8.0 


90 


80 


99 


10 


A1 (1.4) 


B5(28) 




8.0 


90 


40 


98 


11 


A1 (1.4) 


B5(0.7) 




8.0 


100 


90 


99 


12 


A1 (1.4) 


B5 (2.8) 


C2 (2.8) 


8.0 


100 


70 


99 


13 


A1 (1.4) 


B5 (2.8) 


C3 (2.8) 


8.0 


110 


60 


98 


14 


A1 (1.4) 


B5 (2.8) 


C1 (0.056) 


8.0 


100 


60 


98 


15 


A1 (1.4) 


B5 (2.8) 


C1 (15) 


8.0 


100 


180 


96 


16 


A2(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


17 


A3 (1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


18 


A4(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


19 


A5(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


20 


A6(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


21 


A7 (1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


22 


A8(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


23 


A9(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 


24 


A1 n)(16) 


B1 (13.76) 




8.0 


100 


90 


99 
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Table 1 (continued) 



Example No. 


Catalyst constituents 


Reaction conditions 


Degree of 
















hydro gena- 
tion (%) 




Constituent 
(A) (mmol.) 


Constituent 
(B) (mmol.) 


Constituent 
(C) (mmol.) 


Pressure 
(kg/cm 2 ) 


Temp. (C°) 


Time (min) 




25 


A1 (1.6) 


B1 (13.76) 




8.0 


130 


60 


98 


26 


A10(1.6) 


B1 (1.4) 




8.0 


90 


90 


99 


Note: *1 : Constituent stored at room temperature for 6 months. 



15 

Table 2 



20 


Example No. 


Catalyst constituents 


Reaction conditions 


Degree of 
hydrogena- 
tion (%) 






Constituent 
(A) (mmol.) 


Constituent 
(B) (mmol.) 


Constituent 
(C) (mmol.) 


Pressure 
(kg/cm 2 ) 


Temp. (C°) 


Time (min) 






27 


A11 (1.6) 


B1 (13.76) 




8.0 


100 


90 


QQ 


25 


28 


A12(1.6) 


B1 (13.76) 




8.0 


100 


90 


QQ 


29 


A13(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 




30 


A14(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 




31 


A15(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


30 


32 


A20(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 




33 


A21 (1.6) 


B1 (13.76) 




8.0 


100 


90 


99 




34 


A22(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


35 


35 


A23(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 




36 


A24(1.6) 


B1 (13.76) 




8.0 


100 


90 


99 




37 


A1 (1.4) 






8.0 


100 


90 


98 




38 


A2(1.4) 






8.0 


100 


90 


98 


40 


39 


A13(1.4) 






8.0 


100 


90 


98 




40 


A20(1.4) 






8.0 


100 


90 


98 




41 


A16(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


45 


42 


A17(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 




43 


A18(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 




44 


A19(1.6) 


B1 (13.76) 




8.0 


100 


90 


98 


50 


45 


A1 (1.6)* 


B1 (13.76) 




8.0 


100 


90 


98 


Note: *: 700 millimoles of butadiene was further added as catalyst stabilizer. 
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Table 3 



10 



15 



20 



25 



30 



35 



Compara- 
tive Exam- 
ple No. 



Catalyst constituents 





Transition 
metal com- 
pound 
(mmol.) 


Lithium 
compound 
(mmol.) 


1 


al (16) 


B1 (13.76) 


2 


a2 (1.6) 


B1 (13.76) 


3 


a3(1.6) 


B1 (13.76) 


4 


a4 (1.6) 


B1 (13.76) 


5 


a5(1.6) 


B1 (13.76) 


6 


a6(1.6) 


B1 (13.76) 



Constituent 
(C) (mmol.) 



Reaction conditions 



Pressure 
(kg/cm 2 ) 



8.0 
8.0 
8.0 
8.0 
8.0 
8.0 



Temp. (C°) 



100 
100 
100 
100 
100 
100 



Time (min) 



90 
90 
90 
90 
250 
60 



Degree of 
hydrogena- 
tion (%) 



25 
55 
45 
35 
96 
90 



impurities. 
Claims 

1. A catalyst for hydrogenating an olefinically unsaturated compound, which catalyst comprises the following consttt- 
uent(A): 

Constituent (A): At least one member selected from the group consisting of compounds represented by the fol- 
lowing general formulas (1) and (2): 



40 



45 



(i) 



skeleton and is bondec i to m in n y h heterocyclic skeleton which group is bonded 

toSitSTo^^^^ 

ing 3 to 20 carbon atoms and having a heterocyclic skeleton wh.ch group is bonded to M through an oxygen 
55 atom or a nitrogen atom thereof, 
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x 3 y 3 

/ \ / 

1 M 2 
X 4 Y 



wherein M 2 represents a titanium atom, a zirconium atom or a hafnium atom; each of X 3 and X 4 represents 
independently a divalent hydrocarbon group having 5 to 20 carbon atoms and having a cyclopentadiene skel- 
eton and is bonded to M 2 in its cyclopentadiene skelton portion; Z 1 represents a divalent hydrocarbon group 
having 1 to 3 carbon atoms, a (poly)silylene group having 1 to 3 silicon atoms or a (poly)siloxanylene group 
75 having 1 to 3 silicon atoms; Y 3 represents a halogen atom or a monovalent organic group having 3 to 20 carbon 

atoms and having a heterocyclic skeleton which group is bonded to M 2 through an oxygen atom or a nitrogen 
atom thereof; and Y 4 represents a monovalent organic group having 3 to 20 carbon atoms and having a hete- 
rocyclic skeleton which group is bonded to M 2 through an oxygen atom or a nitrogen atom thereof. 



20 2. The catalyst according to Claim 1 , wherein the heterocyclic skeleton in the definitions of Y 1 to Y 4 has an oxygen 
atom as its hetero atom. 



3. The catalyst according to Claim 1 , wherein each of Y 1 to Y 4 is furfuryl alcohol or tetrahydrof urfuryl alcohol. 

25 4. A catalyst for hydrogenating an olefinically unsaturated compound, which catalyst comprises the constituent (A) 
according to Claim 1 and the following constituent (B): 

Constituent (B): At least one member selected from the group consisting of organic compounds, halides and 
hydrides of metals of Groups I to 111 of the Periodic Table. 

30 

5. The catalyst according to Claim 4, wherein the constituent (B) is selected from the group consisting of lithium 
hydride and organic compounds of lithium and aluminum. 

6. The catalyst according to Claim 4, wherein the constituent (A)/constituent (B) ratio is 0.5 to 15. 

35 

7. A catalyst for hydrogenating an olefinically unsaturated compound, which catalyst comprises (A*) a component 
obtained by subjecting to reaction at least one compound represented by the following general formula (4) or (5) 
and at least one compound represented by the following general formula (3) obtained by reacting a heterocyclic 
compound having 3 to 20 carbon atoms and having a hydroxyl group, a carbonyl group or a secondary amino group 

40 with lithium hydride or an organolrthium compound: 



Li-Y 5 (3) 

wherein Y 5 represents a monovalent, organic group having 3 to 20 carbon atoms and having a heterocyclic skele- 
45 ton which group is bonded to the lithium atom through an oxygen atom or a nitrogen atom thereof, 




55 wherein M 3 represents a titanium atom, a zirconium atom or a hafnium atom; each of X 5 and X 6 represents inde- 
pendently a monovalent hydrocarbon group having 5 to 20 carbon atoms and having a cyclopentadiene skeleton 
and is bonded to M 3 in its cyclopentadiene skelton portion; and each of A 1 and A 2 represents independently a chlo- 
rine atom, a bromine atom or an iodine atom. 
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(5) 



wherein M* represents a ttanium atom, a — ™ ^ ^^enTSefon^ 

8. The catalyst according to Caim 7. wherein the heterocyc.ic skeleton in the def initions of V has an oxygen atom as 
its hetero atom. 

9. The catalyst according to Claim 7, wherein Y 5 is furf ury. alcohol or tetrahydrof urfury. alcohol 

10 A catalyst for hydrogenating an o.efinica.ly unsaturated compound, which cata.yst comprises the constituent (A') 
' according to Claim 3 and the constituent (B) according to Claim 2. 

11 The catalyst according to Claim 10. wherein the constituent (B) is seiected from the group consisting of .rthium 
hydride and organic compounds of lithium and aluminum. 

12. The catatyst according to Claim 10. wherein the constituent (AO/constituent (B) ratio is 0.5 to 15. 

1 3. A catalyst for hydrogenating an olef inica«y ^^^T^^Z^Z SSKSS 
according to Claim 1 and/or the constituent (A) acxordin to Ctam^J <Ltia*fic acid compounds. 
(C) at least one member selected from the group .coram °» ^^^^ ke tone compounds, alde- 

^Sn^ 
pounds and oxime compounds. 

14. The catalyst according to Claim 13. wherein the consent (C) is se.ected from the group conning of a.coho. 
compounds and ketone compounds. 

or 5 in an inert, organic solvent. 
17. The process according to Claim 16. wherein the o.efinica.ly unsaturated compound is a conjugated diene po.ymer. 

so i8.Theprocessaccordingto^^ 

the transition metal, per 100 g of the olefinically unsaturated compound. 
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